Biologists have invested a great deal of effort into studying energy metabolism. Consequently, it is important to analyze energy metabolism data correctly. In his recent technical comment, McNab (1999) discussed the relative merits of analyzing wholeanimal (i.e., total) versus mass-specific energy metabolism. He concludes that (1) "nothing wrong is being perpetuated by the use of mass-specific rates of metabolism" and (2) that "any analysis based on mass-specific rates must also apply to total rates because they are two sides of the same coin" (McNab 1999, p. 644). Unfortunately, these conclusions are incorrect. This comment demonstrates why and makes two main points. First, while there is a necessary relationship between the allometric scaling exponents for whole-animal and mass-specific metabolism, the two variables do not necessarily measure the same biological concept (i.e., they are not necessarily two sides of the same coin). Second, a correlation between whole-animal metabolism and another variable typically places relatively little constraint on the correlation of mass-specific metabolism with that variable. Physiological ecologists should follow the advice given in Packard and Boardman's (1988) seminal paper and avoid analyzing massspecific variables whenever possible.
, then mass-specific metabolism p a # Mass 0.75 / Ϫ0.25 . However, metabolism p a # Mass Mass p a # Mass the necessary relationship between the scaling exponents for mass-specific and whole-animal metabolism is not the correct relationship on which to focus. For the biological interpretation of whole-animal and mass-specific metabolism to be interchangeable, what is relevant is whether the two variables (whole-animal and mass-specific metabolism) are correlated. If whole-animal and mass-specific metabolism measure the same concept, they should be highly correlated (see Bollen's [1989] discussion of criterion validity). If the variables are uncorrelated, then they measure different concepts. Whole-animal and mass-specific metabolism often are correlated, but there is no necessary correlation between them.
With his pioneering work on ratios, Pearson (1897) laid the foundation for examining the correlation between whole-animal metabolism and mass-specific metabolism. Mass-specific metabolism is a ratio: whole-animal metabolism/mass. Wholeanimal metabolism is the numerator of that ratio. The approximate correlation (r) between a ratio and its numerator is:
where d is a coefficient of variation (i.e., the standard deviation divided by the mean), n indicates the numerator, d indicates the denominator, and r nd is the correlation between the numerator and the denominator (Pearson 1897; Chayes 1949; Atchley et al. 1976 ). The formula ignores higher-order moments, so it is only approximate. The equation shows that the correlation between the numerator and the ratio is zero if
Mass-specific and whole-animal metabolism are often strongly positively correlated (e.g., r nd often is between 0.5 and 1). Therefore, if the coefficient of variation in mass (d d ) is greater than the coefficient of variation in whole-animal metabolism (d n ), the correlation between whole-animal and massspecific metabolism potentially equals zero. Because the correlation between whole-animal metabolism and mass-specific metabolism may be zero or close to it, whole-animal metabolism and mass-specific metabolism measure different concepts, and McNab's (1999) second conclusion is incorrect. The use of Equation (1) . Equation (1) predicts that the correlation between r p 0.783 nd whole-animal metabolism and mass-specific metabolism should be approximately Ϫ0.0923. In fact, Equation (1) (an approximation) performs relatively poorly for this data set. The actual correlation is Ϫ0.199. Nonetheless, mass-specific metabolism accounts for less than 4% (i.e., 2 ) of 100% # [Ϫ0.199] the variation in whole-animal metabolism. Hence, for mammals, mass-specific basal metabolism is a poor indicator of whole-animal basal metabolism. In some data sets, mass-specific metabolism may account for even less variation in wholeanimal metabolism (i.e., the two measures of metabolism may be even more weakly correlated), so McNab's (1999) conclusion about the two metrics being two sides of the same concept is wrong.
Many biologists analyze log-transformed metabolism. My argument so far applies to untransformed data. However, just like their untransformed counterparts, log whole-animal metabolism (
) and log mass-specific metabolism log WAM ( ) may be uncorrelated. The equals log MSM log MSM /mass, which, in turn, equals . log WAM log WAM Ϫ log mass Consequently, the correlation between and log WAM equals the correlation of with log MSM log WAM ( ). This correlation is similar to a partlog WAM Ϫ log mass whole correlation and can be shown to equal where s stands for standard deviation, r stands for a correlation, the subscript 0 indicates log mass, the subscript 1 indicates , and the subscript 2 indicates (see log WAM log MSM Sokal and Rohlf 1981, p. 576 , for a discussion of part-whole correlations). Because standard deviations are, by definition, positive and because r 01 (i.e., the correlation between log mass and ) is typically positive, the correlation of log WAM and may equal zero or at least closely log WAM log MSM approach zero.
In practice, the correlation between and log WAM depends on the particular data being studied. Based log MSM on Table 1 of McNab and Eisenberg (1989) , and log WAM of mammals are strongly negatively correlated ( log MSM r p ). In contrast, based on data from Table 1 from Andrews Ϫ0. 758 and Pough (1985) , and of colubrid snakes log WAM log MSM are weakly negatively correlated ( ). Many papers r p Ϫ0.327 report their data in insufficient detail to calculate the correlation between and , so it is difficult to determine log WAM log MSM the general pattern of association between these variables. Nonetheless, my brief survey of easily available literature suggests that and tend to be moderately to log WAM log MSM strongly negatively correlated, although very weak correlations also exist. For example, for 31 cephalopods whose oxygen consumption was measured at 5ЊC, the correlation between and was only Ϫ0.040 (see Table 1 of Seibel log WAM log MSM et al. 1997) . So for at least one published data set, log WAM explains less than 1% (i.e.,
2 ) of the variation in 100% # 0.04 . Thus, both theory and data show that there is no log MSM necessary relationship between whole-animal and mass-specific metabolism.
McNab (1999, p. 644) contended that "any analysis based on mass-specific rates must also apply to total rates." So, despite the utility of demonstrating that and do log WAM log MSM not have to be correlated, perhaps the more critical question to examine is whether a correlation between and a log WAM variable (C) necessitates that will also account for an log MSM appreciable part of the variation in C. To answer this question, I constructed a table that describes the minimal and maximal squared correlation possible between C and (i.e., log MSM or the amount of variation in C explained by 2 r C#log MSM ) for any given set of correlations between C and log MSM and between and (Table 1 ). In log WAM log MSM log WAM other words, I chose (1) a particular correlation between and and (2) a particular correlation between log WAM log MSM and C and then calculated the minimal and maximal log WAM possible correlation between and C (i.e., ). log MSM r C#log MSM A formula for calculating these minimal and maximal correlations is given in Edwards (1985) . Of course, these correlations can range anywhere from Ϫ1 to 1. If the minimal correlation was negative and the maximal correlation was positive (i.e., if the range of possible correlations included zero), then the minimal possible squared correlation (i.e., ) is zero (i.e., 2 r C#log MSM does not have to explain any of the variation in C). log MSM If the range of correlations did not include zero, then I took the absolute values of the minimal and maximal correlations and squared whichever of these absolute values was smaller. This squared value set the lower bound to the amount of variation in C that must be accounted for by . Similarly, log MSM I took the absolute values of the minimal and maximal correlations and squared whichever of these absolute values was larger. This squared value set the upper bound to the amount of variation in C that must be accounted for by . For log MSM example, suppose the correlation between and log WAM is Ϫ0.7, and the correlation of and C is log MSM log WAM 0.6. The correlation between and C could be as low log MSM as Ϫ0.991 or as high as 0.151. Note that this range includes zero. The variation in C that can be accounted for by massspecific metabolism (i.e., ) could range anywhere be-2 r C#log MSM tween 0 and 0.98. Inspection of Table 1 reveals that the variation in C that can be explained by has little effect on the log MSM variation in C that can be explained by , except when log WAM , , and C are all highly correlated. This anallog MSM log WAM ysis shows that McNab's (1999, p. 644) conclusion that "any analysis based on mass-specific rates must also apply to total rates" is wrong.
McNab's (1999, p. 644) other conclusion that "nothing wrong is being perpetuated by the use of mass-specific rates of metabolism" is also incorrect. The use of mass-specific metabolism helps perpetuate two misleading ideas about how to study the energy metabolism of organisms. First, some biologists still do not appreciate the fact that mass-specific metabolism is not massindependent metabolism. The use of mass-specific metabolism helps perpetuate the mistaken notion that mass-specific variables are mass independent. Clear evidence of this problem exists. For example, a recent textbook (Feldhamer et al. 1999, p. 120) states, "To compare oxygen consumption between animals of different sizes, metabolic rate is adjusted for body-size and expressed as mass-specific metabolic rate." This statement is false because it incorrectly equates mass-specific metabolism with mass independence. A second problem that is closely related to the first is that mass-specific metabolism is a ratio variable, and ratio variables are difficult to interpret. For example, when mass-specific metabolism differs between groups or is correlated with some other variable, the effect of mass-specific metabolism can result from the effect of mass, the effect of whole-animal metabolism, or both. Unfortunately, analyses of mass-specific metabolism make it difficult for investigators to distinguish among the possible alternative reasons for the variation in mass-specific metabolism (Packard and Boardman 1988, 1999; Kronmal 1993; Allison et al. 1995; cf. Pearson 1897) . These problematic analyses are easy to find. For example, in the 24 papers published in two recent issues of Physiological and Biochemical Zoology (i.e., the two issues, November/December 1999 and January/February 2000), at least three papers analyzed mass-specific oxygen consumption in such a way that it was difficult, if not impossible, to determine whether comparisons across treatments or species might be attributable to variation in mass, whole-animal metabolism, or both. My admittedly nonrandom samples suggest that many papers (i.e., ∼12% of the papers in two recent issues of Physiological and Biochemical Zoology) still use mass-specific metabolism in an inappropriate way. This high frequency of problematic analyses indicates that McNab's (1999) conclusion about nothing wrong being perpetuated by mass-specific analyses is dubious. The use of mass-specific metabolism can perpetuate problems in the study of energy metabolism. As McNab (1999) aptly points out, we (i.e., many physiological ecologists) have used massspecific variables because that is how many of us learned to analyze variables affected by size or because that is how many physiological variables are presented in the literature. These are not compelling reasons for the continued use of mass-specific metabolism. It is confusing that McNab (1999) argues both (1) that mass-specific metabolism and whole-animal metabolism are two sides of the same concept, so they should have the same biological interpretation, and (2) at one point that, when the two interpretations conflict, whole-animal (total) metabolism should have primacy. These self-contradictory positions make McNab's (1999) position hard to understand, but his conclusions are clearly wrong. This article demonstrates that mass-specific metabolism and whole-animal metabolism do not necessarily measure the same biological concept. Physiological ecologists should use renewed vigor in eliminating the use of mass-specific metabolism, whenever possible. We should analyze whole-animal data and use appropriate statistical methods to account for variation in body mass (Hayes and Shonkwiler 1996; Packard and Boardman 1999) .
